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(54) DETECTION METHOD FOR CHEMICAL SUBSTANCE AND DETECTION DEVICE THEREFOR 

(57)Ab$tract: 

PROBLEM TO BE SOLVED: To selectively detect an isomer with 
high correlation with dioxins from among precursors of the dioxins. 
SOLUTION: The detection device 100 for this chemical substance 
with a vacuum ultraviolet light lamp 3 ionizes TCB of the precursor 
of the dioxins in an exhaust gas Gs with this vacuum ultraviolet 
light lamp 3. Then a TCB ion is fragmentized by providing energy to 
the TCB ion with a TICKLE waveform having a frequency 
component corresponding to the orbit resonance frequency of the 
TCB ion. Thereafter, the mass of a fragment thereof is measured 
with a mass spectrometer 4 and a fragment pattern is determined. 
The isomer concentration of the TCB contained in the exhaust gas 
Gs is determined with mathematical calculation based on the 
predetermined fragment pattern of the TCB. by utilizing that the 
fragment pattern is different by the isomer when the isomer of the 
TCB is fragmentized. 
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TCB€-^3^>'^t-r-5» ^ot, TCB-i't>©fiifiit 

•CTC B -/*>«cx4-'l'4^'-?:#^t TC B :i->?:7 
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co-it >{blli{c j:-5r-C:t>{t§ nfc mfiaifili*^? 
3|->(Cx;twl/^-5:-^xf7 7 > h -f ^i-^'fb-r^ 

;j<7- > >- ;i/ <t ±ieir.|g<*© t >ofBiii ;^ ju ^- 1 

©fO J: 0 ^)/J^3 ^»X4^ ;l'¥-*±gBg!rig1*«C#^ S C i 
f$©-(':*->^t^'f->->f Jl'J:'? *>iK< ^S-C^Wb'J^f- 

Miswc-^x^ c t ^im^-rhWi^m i (cigsg©ft^ 
w©^^uj?3ia. 

0 n m«± 2 0 0 n mlT^O^f^ cfc •:> -C±iBfl)|g*?: 
:^>{fr C i ^:!^S5:i-r ■2)iS*:m£:ie«g©fb^M 

©*ia*ft. 

fa|g©{b:7itiS©«^ai:^£6. 

^^m-ol 1 C K L Ei^^-C'±iaMlgj*©-Y:t>tCx;^ 

1 :5«ciaK©^bf:®«©ttffl:^-ffi. 
> h -I' >{b-r 7 7 > h {bf^S i , 

^gE»g^tff#ef 3SA/tmiiaBuiBft©7 ^ J^j^ > h 

> ©iSSflii i . ^iaB<rlB{*©Mtti*©Siim<**^ e. 
^iftfc^R^tt^f © 7 -5 y y > h ©r^etbJgUi * e> . 
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[0 00 1] 

S n -SSP*';^ c: < Sta^S n 2. ^' :t '»SlmflB 
f*©^ttft?:jieRWK:t^!±iT-2./i:«>©{b^i^K©^tb:^ 
^RWb^^M©*lfflgS«CMTS *)©-C* 5. 
[0002) 

i>, ^V3^+->>s©n-iI^cti> iS;^3'ft?tg©GC/MS 

6*a-Cl,iS*J> c©*^«^|!imiMII*M-r5/c«6. 

-5©A3JMtt-C*-5. l/yt*i^r±f2©J:5AjcUrJUd'-l' 

[ 0 0 0 3 ) Sfc. ji«air:^xcl3fc^St-S4/'f ^+-> 
>S©?|[iS»Si*-r fii^/cift. *©$■ -f ^ 

i^>?S€:iE3Sit WT -5 C i «St L < . C n€:«ESP^P^c t 

[0 004] CC-C, BSa5a^©^^c5U-tf-KJ;o 
ismmxm\r:^h. Jfei!li»!S!^3fe^-f:i->'fbffi 

(REMP I : Resonance-enhanced Multiphoton loniz 

ation) ii. mmmi37.'ii?<D9>(t^iy'ymmmmvh 

[0 005] bicii^-oX. <J;'3iSt^fflgt?i?'w'5f=1=-» 
©itt,»gtttt:<SrilJRW«:l+iiJ-r S C i*5,i:'Sr*S. S 

jKcfHWt? ^ 5 C i $ n S , 
[0 00 6] 

[|6BJ*^»i*L-J;^it^.S,!I] tC6V. «SbJ^U 
-1f-4ffiffltr, i'aP-^>-fe'>ffl©S,-'S,g^?: 

tiit6Cti^V^i>. f?ly<tt. R.Zimmennann.H.J.Hefl 
er, R.Dorfner, U.Bosel, M.Blumenstock, D.Lenor and 
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A.Kertrup, Combust Sci. and Tech., Vol. 134, pp.8 

7-ioici998)^#)i.§5hfci^. c(Di;mcxm. g14 
[0 00 7 ] mvm<om< r^<i^i^^mt^^t> 

A (2 0 0 0) ^#M$n/cC^. b^^b. C(OloW:^t. 20 

mti^it^m^i^iR^^cnmr^<o^x$>^. pvu'^ 

[0 00 8] ^CX\ C(DmMiit. ±iE(iCm^Xtj:$h 

bxi^6&^x$>'oXi,^<DmM^fi'^Mmx^^m& 

^mfS.x^ hit^^moMH^y^iiRWt^^m^iiim 

[0 00 9] 

:t >^bxgfCcfc o r :t >f b $ n/cSfifasg|gft(Z) ^ > 
[0010] *|gB^^ 6 t3:$^:tW^a:))!ilP=. h y ^ n p • 
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:3^tc^$ h 2> * t/l^Si W7 3 ^ ^ > b n ^ 
?:mffio/c« :^mmcti^mmLxtx'^tiich(Dxh 

or. gti<$cDSig;^'y^x?:»6*a^>/c7^^v> h^^'^?- 
[0011] CCD#|0J^c^Sjb^«CD«^/±i:}^jit3:. S 

^bx. mm»(D^^it(Dmmt}7.^m\^^x. 

[00 12] CC-C. ^'-(:t^ty>mmmW<Dy'y^^ 

it->^mn^t>-\ttti><DX$)i>o btci)^^x. 
imbxi^^^^tt^x^^. c^r, ^^:^■^^>» 

[0013] cc7:),J:^Cc. V>C:t^>'>amilg<*<D-S^ 
>StD^4fi?:Sf*<fc 'J ^'%\^nw.x^^i>^tt^x 

[ 0 0 1 4 ] Sfi^tffSg^^ffll^fcaft^^I 

-y^i^^hox\ w^fSx-yv^^yvj-^^-y^^ 
^^cti)^x^6. "tbx. ^'-^t^tyymtimo^ 
i^mmwommt. m^mm^ j: ^ x^^^ 6ctf)^x 
%i>(Dx\ ig^im^n(o%\n^m^xf\\m^xw^ 
f^x%\nm^^nhctt^x^^..^(Dm^. cofb^ 
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[0015] ccr. ms^W<Dy'7if^>h'{ty(Diik 
s^Jff t mncteit ^ 7 5 > h >'^• a' - 

hi>. tic. st4»®7-7i*'^>h©?igStb}g^cc«, 

[0 0 1 6 ] S/c. >r:t>'fbIli«cmga<T^*^i'F 

3e>tc. m-?-f-A^-b^'d?-t?^Btbr 1 0 e v^a 
if ■SifemJi-r a o -042 >®?: -r :f ^-fb 3 -ti-t: J: 

X 7* - -f > -f b. * S 1 5 «]aiim-?-fK?^ :t b^{C 

J:orSiilE(**-r:iJ->'(bl/rfcJ;i^. ^vi^^^h^bX 

+-»-f=7 V >-?'3 7*7:^- P C B iPf «n^^H^?:^ 
t?fc©-c4)S. ttc. irlgf*{c{*; m^hVtJ'an-^ 40 
>-fe'>, Vfuu^yzy, *y f na-i>-fe'>S?©'< 
h li^oP7xy-;b^©7iy'-;l'a*5 

[0018] ttc, ■tt^mm^it'^^o^^ijm 
it*5i«:iBtK©^b^^M©«lffl:&ffi«:*i<'^-c, ± 
tZA :i->{bXSK:tei^r «> ±IBfilg#©-r :t>^b!^<r 
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[0 0 191 c©fc«). c©[b^®K®^^tH:^-^«cteii 

H©«^tii:^?£©^T-Sf'Pffl • «lS©f<6fC> ;i->^b3a^ 
r«> ^:i->{bKST.2>i*^i'*'-5:SKtcssorc» 

mcSa©^>^5:^iil'?c'9-r:t>fbl.5tO 

[ 0 0 2 0 ] Sfc, fS3i<ii3«:(;&6{b^M©*ltli:^v4 
B. 1 {ciEt8©{b^!K[«©«IHi5?StcMit:. ± 
ge-i'^>'fbxs{cfci,»r«. ±gBflilE{*©-('^>'(t!j<f- 
>■> + ;u J: fp W< ^S-Y * ^fb^T^^'V + 4 e V 

;&|]a» fcfiiWT® i ^-'t'=P- ?:±fBlfrf 5 c 

t%#a<!:-r-5. */t. ig^:a4(C<15fb^«©**ai 

:fTmt. if*Ji 1 (ci^i^©^t^tl«©^^^i}:'3ffiic^dt,^ 

T> ±m-ityitIMiCh\,^-at. jKfi*55 0nmJy± 
2 0 0 nme<T©7£«:<fcor±IB8!fiB{*?:-('3|->'fbf S 

Ci^rraif-S. Si^c, if^:^5fC{S€,^b^!aK©1^ 

il*iiHCHeiK®^b^'^»©1^m:^ffi«cfci,> 

[0 02 1 ] c©J:^'tc. WJ^>-^bXll^^:feCirB^|gft 
j:o fe^< aR'r3i-Mb#f->s^+;i'K:4 e v**n»u 

fcm&.T'C^^Cttmtbl^, tfc, 7lc©x^.;I/¥- 
K:J:-5-rirlEf*^-Y*>^b-r€>iS-^te«. ^©&S<&5 

[ 0 0 2 2 ] Sfc. ff*lI6(C(^5{b^K®1^ai:^ffi 

mm. 1 ~ 5 ®t.^-rti*> 1 ^tcieisofb^^i^jK®*^ 

im^n^ TICKLE mBX±.tZmW^(0 >K x 

[ 0 0 2 3 ] c ®^b^l^3ao^^tH:^S-c»> y^ifjty 

h-fbigfcfci^-cT I cKLEmmifAt^yymo 

wiMW-i ^y^^T^^^bt.cjiir.Xcn^y y ^ ^y V 

■c*.S. -f:i->{b®l^tc|i4l-|.j»?Ji!^^i®«>"C 
ptfi^^tcib. ^^^^^^^(DmMi^^yy^^y^^t 
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[0 02 4] * fc, K.9i>i>\t^mn(Di!k\!&mm. 
gi. c©•/J^>^b^ls«:J:■^r■Y:t>'^b$^^,/tSfn2Bf^ 

[002 5] co^a«{c{^2,ib^'-K?M©*ltbSSii. -i" 
:j-Wb#ISt, ^^yy^h^b^lgi. «fi^*T#l8 

t.ScDr, ;^*l]*p^©t«J^t«^,«I5:S» J: 0 feiSt^^fg-r- 30 

[002 6] sfc. c©fk^^so*^i±i^s:«. 

5©-c\ 3 > h- ^ - ^ 4f ijffi bfc?S^^g(c 
t'>^litBK©;SUMttf$©tSg*^*^ c i^^r 

[0 0 2 7 1 

©liBj*5|ig^§n-sfc©r-»^=ci^ $/c, Tia^©fl5 

©s)ct^«ll!Kfl\)4C|5)-©*)©?55gsn^>. $fc. TiiM 50 
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[0 02 8] (m^(OBm 1 ) C©^BJia. iT-f t=^iy 

©7 5 i^y > h ^N-i? ">ccS^i>r^^©gt*':^(c:^S 

^iur h i;i'an-c>-fe'> (WTTCBii*'^) 
TC BJcoiJf «Mtti*tc J: o r a*"-^ :^4-»S<!:©ii!l 

[0 02 9 ]jarte. TCB®{tiiKfc, 5*'-f'^ + i^>SM 

■C^S, Sc*f> cne.©!^®*ffi«-r^lg^KH. GC 

/MS ( a -7 f- 7 yfSM^mn ) 

[0 03 0] |impJSKtel.»r(J. B»Sgft"C4)^,TC 
B^-Yst-Mbtfca^^i^yv h^bL/. Ha^*T^e«c 

J:-:,r7 5 5'y>f-^^*3'->*A)?&?)S, TCB© 

h^^■^->^ca-?^ir, MIEi*T*STCB{c^*ns 
M±l*©«S^8fc^W«:*4?)S. 
[0 03 1 ] C©lfeBJfcijl:^^-r^>{b^SSD>'7 7i' 

S3:. J[^!^543fe(<:J:oTTCB^'/:t>'fbO. Cti?:R 
F (Radio Frequency : Siilft) ';>^*'{CJ;^-f'^> h 
7>;'7*«:B5C;ji»r. T 1 CKLE?SJe*TCB 
KJ|:^-i,T I CKLE^gfCioT^^i^y^h^b-r* 

[ 0 0 3 2 ] JSte. ^^Hjtcaffl-c^ ^-f jfMb^ss 

~5 eV©x;^;^+*-*}to^^^1•^— tf-^6?:ffll,\ 2 

itT-i' ^i-WbiSSJc fci^r -{ 5^ Wb S t!-* c i 

-5. afc7xA^«.v^•;^X^-■!f-©<t^K. f-^?s 
e©ffii,^b-if-***7fe$ti-/cii^. *^-ccJ;^-c4 

7"U-'l':t>fb. 4)-5tH3:il63Sm^«?^-y:t>'fb^©'^ 

:i->-(b^®{c<t-5-c. P:*'';^Gs'f'{c*jWS^'aa'<> 
-i2>S?r-f:t>fbL'rfcJ;i,». 

[0 0 3 3 ] t/c. ffi©7^i^y > h^b^^iuria:, 

Lfc5-r.5*®j55ffiffif!r5. tctcb, mti>yy^ 



( 
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So 

[ p 0 3 4 ] 0 uj. c(o?m(oms&(DBB 1 (^cm^it 
m^miooiit. -^t^it^it. tjx^xmm 

ii(ttcj:5^^>^ (Penning) h ^ T'^r^Sffl'TSC 

[0 0 3 6 J ^tyVvv-y'^^XhhKF^iryV'y 
V y'mS 1 0 K=!= 1^ 1 2 x> K 

1 4^^. X> K + l- y 1 2 (b^:iX> K+i- 

13i6[)l^SP^12gSnri^^o ^/c. RF';>^^14 

j^^Si^snrteo. RF 4^c h-^-yt^Wib 

{bSn/cgf;^'Xcti<DSu»-e^ffe<Dl?5«^^ h ^ -7' 1 1 
2Rc;i 3tcti{£«igJf5|g&^®r4)6{£tM^^ 

^^mzommtixis^. ft^-rsswiFTSD^' 

[0 0 3 7 ] tfxmxmm 2 ^ « mi's 5 '/)m^ 6 

7 ^ X ^ ffi I ^/tSfrl^ ^ ^ I Hi =^ t* ^ >; gic J: ^3 ?f^iS 
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[0 03 8 1 ^^>fbSl tt. B!fllft{^::t^ol.+'-^4 
^yy'3ii^^Xl>i>. SS!^?^7lc7>7*3«. Ar. 

H e icmm bfc:f7y.(DW(.m^Cj: ?) XS^i^^KL 

:^mM<Dm^^C^^>X\t. 12 1. 6 nmOigft^ 

So 

[ 0 0 3 9 ]K^^?h7£7>7'3^, ftm-rS:^'X(Dffl 

^>ft^f >^^1';^*J^o^gffi®w<^)-f5^>^t^:Plll:f 
[0 04 0] $/c. ^:t>mmt. M^mi^^'yyy' 

^:^->^bi-st!®^ii»^J-rsci355r'trs, 

^u-if-^cti. m^o^o^m^^^^ctt^x^^. u 

CcO^H^CCtiS 0 nm«±2 0 0 nmi^TOiS^S^: 
^>-7X^Si^7fe:^^'ii«r * , J: 0 »S L < » 1 0 0 n m 
feLL2 0 0nm'r'*«P. ^gjfe^^^^y^ hl6^«:<f:^) 
^J^cC < ffl)ASli.'??>6« 1 1 2 n mW± I 3 8 n mOiffi 

[0 04 1 ] 3?>tc. mrlgWe:x:^;b=l---?r^^r-T:t 

■^bS lrtcr)gf;^:^G s cfJtc#$nSmrlgft^c«?^$#T 
*>cl:i^ mTt:^--A^-fei>^--c^a^uri 0 

[0 042 ] SM^^^Sr*SMflI$r^M0Mfi»#f 

> b 7 1 0 (D^I1X> K + 7* 1 3 ^C>'^•;l/;^ 

iK(D? Itb USE*EPftl-r S C i J: o TWa^^tffit 4 

2iA^ia. Mm^Wif4[^^fRtfr6o Mf U/c^:f > 

tj-r^>^tti§i3 0^cj:oT^tii$n. ccr-^tB^n 
fdwmty^'jryy^ l^cj:-oxmM$titcik. f-^ 

jBiiM^g3 2tcas(9iisnr-^*!LasnSo &*>\ * 

mt(DjeM^^\.^X\X. A t >t^t±i?5tcv ^ n f-. t 
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<DT. mmm^^mmmnmimb. com 
[0 0^3] Adc^ m2^m'xc(Dit^m'M(D^i^m 

7 7'S 1 0 1 ) „ 

[0 04 4] >^tc. M^mmyy'sA^h^tyim 

^^imr>X'^tyit^in^ C^Tvy's i 0 2) o cc 
W8. 5~10. 0 e VCDS5HrS)6, S/c, ±itiO/c 

0. leV-C*-5o C(Dcfc^^c, |u5E^*^D'^:^'>ft^'r 
> S:^ i- Jl' J: «5 4> A ^ ^ ^gS^T^ -^c- >'^^'-- 

[0 04 5 ] ^Oig:^. ^^>jl:LfcSiilg{$i?*^|rr|g 
^Mfi^fif it 4 coitSWI^ <h^^c<i::d^r#^A^6r* 

(Dh'^^^ :f^^m&T^n^^ctt^x^ho 

[0 0 4 6 ] CCr. yv^j^>hitLfc^ty:^^^l^ 
J: T^tT-S) ^ ^ ^ r > hyy y'(D 

t><0§iS.'S:&^xn'^i<n^hCt'/)^Xt6<DX. R 
F h ^ 7 y'^Mi lOQbvv y'nm&T^^b^ < 

[0 04 7) 3 6iC. KS^5^7£rY+>^bTntf. >x 

ccx. SWIFTS. T-mis^^m^ti>fc^(^mm(D 

^X^ty<DMlMi^^6i^m\^^'). ^c4b\ SWIF 
TCDiE^Cfe^**ttStored Waveform Inverse Fourier Tr 
ansformr^Ov mmt. Development of a Capil 
lary High-performance Liquid Chromatography Tandem 
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Mass Spectrometry System Using S W I F T Techno! 
ogy in an lonTrap/Reflectron Time-of-flight Mass S 
pectrcmeter" Rapid Communication in mass spectrome 
try, vol. 11 1739-1748(1997) i:^M^tltci,\ 

[0 04 8 ] yv^^>V(D^^f)^^i.^^t>ity^&iC 
4dC^rt3:. SWl FTCDii^fl-C^*0r*5<-<^HffllS 

'r^XM<Dy^^^yb'f)^^bxbt'). cn5:sw 

I FTT'^ir-Sfc^CCW^^tCA^J^C^E^r^^iT 

mm^^) ^^smx$^^. -n. sw i f tse^a^ 

fern. Mm^t/fcc*5urti^*TJffiSco{ST*Jsi^rL$ 
[0 049] c(0wn^c%^^:^yit^C'!h\.^x{ty'7^* 

miir^^yy^j^yvhWtiX'j^u^uh. ^<d^^ 
swi FTmE*^g<WA. R-omr^mmw^ 

20 m^t^^^x'm(Dx\ ±Mm^mttA.mmx^ 

^„ ^tc. SWl FTft(C^-:^/c|g^^M^i£-r^TI 

mcB^r^y'y^^yhy^m^x'Mjiii.^fcify. copg 
30 [0 0 5 0 ] ^>:^cswI FT^coi^rlSH^t-^o cn 

•yT^Sai O0m-x>K + i^ 7:^1 2im-X>K^ 
i^^^'l SiOP^ic. f£€-i^J^^^g2 0^CJ:oraX 

yvy'msi o(Dmcm^bxm^^^'ox^tytL 

x\t^brj:<rj:^. fylgmJRF U 1 4Ce:EnJja^ 

(i::05rt-5 (y;r'>7'S 1 03) o 
[0 05 1 ] y^CCT I CKLE^oi^r§iBa-rao T I 

C K L E (i7 ^ > Mb^i^f^gJ^c 

50 fli(;55aMr'5^M^^^3^®^T^^f^r'S>^o -eLT. 
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itS'JLT. |olB#(D?Sg[«r**4. ^/fc, TICKLE 
Ol^JffltC-otirW. ±iE:i:R<:"Deve1opment of a Capill 
ary Hi cjh-performan cell quid Chrofnatoqraphy Tandem M 
ass Spectrometry System Usinq SW I F T Techno! opy 
in an Ion Trap/Reflectron Time-of-flipht Mass Spe 
ctrometGr"^#M$^i/ct^o 

[0052] TICKLE ti. ±iliL/cS W 1 F T <!:« 
2 0 J: rfyfSx > K + 7 7Tatct^B]i 

ma^y^^^yhitr^o cticcjroTT ickle 
4 ) o c(D^0jo^j!ife<DSj.^ 1 ^c^h^^mmmtTc b 

T*^?:)^. Sfi^M= 1 8 OCDTCB35>S:?^^^>h{t 
$n^i, HSS^lM=74. IVI=109. M=1450 20 

[0 0 5 3 ] T I CKLECCjz^yy^^yHt^^^T 
bfth. RF y>^l 4CC?*T'5SE©EPJn?:±*T. 

T-ScikiJc-Dr. mmi^<Dy^if^>[^^t>^mM 
^}Wit4ijtcgi^!±i'r (X7^7:7-s 1 0 5) „ cor^^ 

^5^^ > > iitrnm^mff 4 ^^tT L . mm^mi^ 

yom&^i^l^^^cthv^h. mM(0BBi(tc 

i6l>X\t. Ma:^M=7 4. M=109. M=145<7) 

yy^j(yh^ty^^iht^sm^^$>hfci^. "tn^ 
[005 4] c(o%m<oj{imx:mti>mmm<DW 

K*^>tfT#Si brti. -^iSM. RFri>f;US«CD®S 

i(D\m^c^^y^\^^^mii>ici^'^xi><o'v. 

[0 0 5 5 ] MS^*flt4 CC J: oTSir|gf*T'*S TC B 
l^l/T, |ijfKttr$>STCB(D:7^^^> h^^'*->?:. 50 
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m (xr7:?*sio6) . xmmthm 

g^*i6S (:?^r7ys 1 07) o 
[0 05 6] TCBO^tttft?&Sl,3,5-TC 
B, l,2,4-TCBSO'1.2,3-TCB(D®!|i:^'::^^fsMU 

T. ±M'^mucXr>xcrih(oy vc^'^yv^-^^-y^ 
^y vm:^\.^x\t. mmmt^mw-v^hwrnmA 

= 1 80CDTCB?:77^V> h^tO/c4>©<i:|plt;'7 7 

^Myv\tm^^mti, mti>yv^*^ 

yvit^mcx-ox. nhh6y^^^y\-^^^-y^^ 

m^<S:^t-^h'V^h. e:(DM^C*Jlit:t^, TICKLEtC 

[0 05 7] sati. TCB<omW^^^ti^incoy'y^ 

MyYj^^-y^m.twmmxhz>. ccr. i^w^im 

4£3Dr7'7^y>h-Y:t>CDft-^^je^ l74v gStiM = 

rKSI5:M= 1 4b0y'7^^y\^^ty(Dm^^i 

[0 05 8 ] */c. gf;?7;^tc^*iaSd^'^:i-+^^>3it5 
!|gi*r*)5TCB(Z)^f4f*r^Sl,3,5-TCB. 1,2,4- 
TCBS:0'i.2,3-TCBcDfaS^^^-e'nc,. C R 
O'CiTSo ^br. 7^^V>h{bt?tciJt:fSTC 
BcD7j|S^CiTS<!:. C = C, + C, + Ca i ^j: So T 
TCB©?iaCti. TCB(D^S14ft<D:^lSg 

[0 05 9 ] TCB©Stt(*r*Sl.3,5-TCB<D7^ 

^^^yv^^y^mB.^. wmm(Dn'^^<^^yy^^yv 
-{:^y(om^c. Oy,.x. Cxo9-i. SOX, 45-1 <^^s„ 

?^^C7)1 0 9&JWfiSM= 1 0 9CD7^^^> h 
^^(Dl 4 5«Sfi|^M= 1 4 5<D7^^V>h€: 

^To C,4.i/C.= F,,. Cao5-i/Ca = F 

C..s-a/C. = F3.tTS. CCr. F„ + F,.+ 

Fs, = 1 tuh. fs.^. ¥\tyy^^;^yv<Dm^Vcch 

y'y^*j>^yV^^y<o\m.M'^Uxhh. 
[0 06 0 ] |5]ijitC. 1,2,4-TC BO?SJgi:b (r^Stkfl 
:^) tJ. C,,-z/C, = Fi,. C.„,_,/C. F... C 
x4s-2/C2 = F32iSc*3. l,2,3^TGB(Z)?^gJ:t 

tWg^) C7..3/C3=F,3v C.o,-./C.= 

F„. C,,,../Ca = F3.<b^cS. ^i:4b\ CCD^Stb?: 

ffittcc. y^^^yvo'umm^mi^ct-yx^uc^ 



( 



( 
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l,3,5-TCB(D?SSj:b: F,.. F31 
l.2,4-TCB(D?Mhh: F.a, F,.. F,, 
1.2.3-TCBCD?SSJ:t : F,,. F,,. F,, 
[0 0 6 1 ] S4t3:. gt:CfXGs*iC^sn6TCBcD 

Tcfc^^C. MS^M=7 4. M= 1 0 9SO'M= 1 4 5 

(DfigtciSu^satt^iJin ^> 7 ^ > h ^ >^f# 

M1^ft©aW:^':^:*^6:*^f^)/c?Sal:bF<&^^Jffl0r. Sf:^' 
;<G s *<DTC BCC^^n-5#Mttf*©?ig«:*2s?)*o 

xF^,V^tCt'f)^T^6. CCr\ C.^3:i.3.5-TC 

B©riS^, C,tJi,2.4-TCB«S^. -^Urc,t3: 
l,2,3-TCB6D?^S*^To MSIKM= 1 0 9 

I,=CaXF„ + CzXF„ + C3XFz.r^-rc: 

Ii = CiXFii+G2XFi2+C3XF,3 • • -^(1) 
I, = CxXF^.+C,xF,,+C3XF„ • • '^(2) 
I3 = C.XF3. + C.XF3,+C,XF35 • • -5^(3) 
[0 06 3] C:CDcfc^{C«'rC(b;&^rt^<D{i. i>C(DSi 

f t b mncff 5 7 ^5 > h - > ^J^^ttft^C 

j:-o-cM^cC^o -eur. ||^cDj^f;^';<Gstc^SnaT 
CB©77i^-:^>h^^'5'->». TCBO^m'i^i^^oy 

?^C.. C.Sa'C.«. S (1 ) - (3) r«u/ca- 

[0 0 6 4 1 ^cfc\ TCBO§-gtt{*^:7^d7V> hfb 
L 3^c^^ct# 6 n 5 :7 7 > h - >;5^^^ttt^^C ct 

:t + ^> >Si 3 . C B (DWgg»"C^> ^ 

mm (a) ) . tc^?:^^. ^^t^yymtm 

I >1, 2 , 4-T C B i 1, 2 , 3-T C B <b tt^Str* 4 
Cl^O^^l-JbhliiOMiS^rJ^O mm (b) St>' 50 
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(c) ) o cnccjCoT. :?^y^>Kt©|gCc-^x.6 
[0 06 5 ] CCV. m^':^Gs(DTCB^y'y^^y 

-1,^3X1 omi I vmi^. *i?)^§gi4f*cD?is 
Ca-c3^ix3<D?T5ijcr«L. ^m^W(ommt!7. 

h ^mc^mt F t ^ F 3 3 3 X 3 <om\ Vr^m. 

rht. AL^miLl^wAkt. \=FC'r:^tcti)^^^ 

6o Uct^-z^X. I ^F^j^f^'iF-^^SG/df^'J-e* 
^C = F-M**2s?)SC:itCJ:or. ^Mtt*^<DriSC 

[0 06 6] CCDcfc^^CLr*i6/cCa. C.SO'C 

gf:o'xGstc^^nsTCB*tc4b-w5-en-en 

Wmtmith (;^r-:;7'S 1 0 8) o 

cowmi^m^h. ^^i^^yymt-^m(on^^i, 

2,4-TCBCD?SSC, il,2,3-TCB02gJEC, <t^fflt^ 

[0 06 7 ];^j:fc. ±fBi5i0JtC*jort^. TCB(D7 7 
> H':*'>*53fill6^L./'cii^tc-:)liTUiB^U/c 
V^^>iyYil(D'm:^^'oX\tth^^<(Dyv 

Ii = C,xF„+C,xF,,+C,xF,, • • -Sid) 

I, = C.xF,,+C,xF:,H-C3XF,. • • '^(2) 

l3 = CiXF3,+C,xF3,+C3XF,, ' • -^(3) 

U = C,xF*t+C,xF42+C3XF43 ' * -^(4) 

[ 0 0 6 8 ] ^j^c. mi ^c^^tmn-^i^vS)6mn-^Mi 

3 3tcJ:or±IBH-S^2'tiT^>J:l^o m^it. 

g3 3rt©iaiigp3 4tc, TCB&m^i^omm^:^^^ 

6*es^)/c®SJ:bFti'-F,3^^e^fBtt$-tfrto<o -eu 
6JII6n-5gP;^';^G s liC^ttiri^?>TCB0y'7^^ 

yh^:ty<Dmm^^m^iA^'^^. ^^X(^c. mjms 

5 f EltglJ 3 4 75:^ 6 ?Sei:t F . . - F , 3 ^ 3 x 3 Otf ^ijco 
[0 06 9 ] rxis^ fBltg|53 4(i. ^a-- Kr ^'^S 



( 
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t6i^j:lets.jS<*. RAM (Random Access Memop/) ©J: 5 

- F brMrf S C i 4C J: 0 ^®^fig?rS|31S if 5 «>© 

[0 07 0] (|yfiO?15^§ 2 ) UttOfl^l^ 1 iCteti-C 
W. SWX{C^*nSTCB®^tt*t<D^^. 1,3, 5-T 

CBi. 1,2,4-TCBi, l,2,3-TCBi©?M^^n 

4-TCB<i:l,2,3-TCBi©:7 7d/y > ^•>'^•^^->^CHJ 20 
1 , 2 , 4-T C B ©MIS C , i 1 , 2 , 3-T C B 0?gSC , <t ©in 
SSi ©+BM*sm»ga«il,2 . 4-T C B&(>'1,2 . 3-T C 

B-c*§©T> cn6©!foi;r:^*'nfi5^-r*+^'>fS 

Xit. i,2,4-TCBS.f>'l,2,3-TCB ©?IS55^ hi'' -it 

[007 1 I, = C,xFi, + C:XF„ 

+ C,xF>3. I ,==C.xF,,+C,xF„-l-C3X 30 
F.,. RJ>'l3 = CiXF5i + C2XF„+C,xF,,©ii 
S:^gSC«:)»< *S. F„ = F„, F„ = F„. F„ = F 

+~»5|i<t ©fflM*5Wt»Stt<*t?*Sl,2 ,4-T C B i 1, 
2.3-TC B <!:©?SSr*S C, <t C. iOS]?:^^ C iJil 

[00 7 2] l,2,4-TCB:Ri>'l,2,3-TCBtt^'f5j-4^ 
-»S©^^im^*iM»5*^. Il6f3:. 1,2,4-TC 40 

mmvf>i>, Sfc. S7«. l,2,3-TCB©J%^i 

:d-+-»S©^4»i ©M#*^iR L;fciftB^0r-*) 

S. i,2,4-TCB©rSgC,RJ>'l,2,3-TCB©?iaC, 

^6SO'7{C7n'rJ: ^»{C. l,2,4-TCB©?;iftC,i5i' 
:i-+'»S©^«i©M{i^> &C^1,2,3-TC B©?g 
ec , i 5^ -f '»S©^^ <!: ©M^»ififK L Tl^ 

[007 3 ] C©/cA, (,>-rn><>^©M^?:fflt^-Cl,2,4- 50 
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TCB©iSeC,il,2,3-TCB©iISC,i©fDA = C 
. + C ib i^/t+ i/>S®lfe4Mi^t I) C t 
#5. m^ii. l,2,4-TCB©?i)SC,i$'^'5r^-» 
IB©l64fiD <!:©M<^*SD = axc, + bra$n4i 

t, c©iigf^S;©c,(cA = c,-(-c,=S:RXbr3}<*/c 

D = a X A + b >S: -»ig©lfe^ i ?IST ^ 

(a. b«ffS©^?S). C(D^'j<,CbXmmbfcif'( 
^+-»©|8*ftW. y-Y++-»5i©^iS<ttBM© 

{st,^i,3,5-TCB^[^i.^r}tsi^Ti,iS©r. ^^^5|5<^:'3 

[0 0 7 4.1 tfc, m^('C^-or. if^t^i^>^(0 
jftgt. 1,2.4-TC BSO'l,2.3-TC B©?iia4©MfS 
CCA^6y-Y:t+f»S©^^<&JiSLT4> 

]cBS]g«:j;-:,Ti%^sii^*i^'(fc-r.5.©-c. mm^mp^ic 

mi 6mmU&*^^il^tllii. 1.2 ,4-T C B i 1,2 , 3-T C 

T. i,2,4-TCB©tl[SC.il.2,3-TCB©?SSC,i 

©fti7!)5ef@^©?JJS*JfiS-rsc:i*5r#s, c©J;5 

K b rJi^ L./cl,2 , 4-T C B ©VSSC , Ri^'l , 2 , 3-T C 

B ©?^ c , 6 -en-en 5^ -Y 3i- ^ ^> >s©^3ES?rf i 

[0 07 5 ] S/c, l,2,4-TCBSt>*l,2,3-TCB©iS 

«c,sc>'c,©«i©s:^b«:Si*iTn«, ^^w^+i^v^s 

©fS^*i i© J; ^ tc^f b L ri ^ 2.*^ ?:^D 5> C i *sr- ^ 
S*B#fBI©JSi^ i i fc550 S C i *sr t n{i« 

[007 6 ] (m^oBB 3) it^^dr '^'^^(omnm 

B«, nrnmA*^ 180<!:182il84i OM^W^ 

^-3-ri=.-So cn«. 'O-fe'r^iStc^^LTCi-sffisK© 

MS^iC 3 5 <b 3 7 i ©z:S^*s* 5 fcfef* S . C © 

ic*^SSfili<*©^SW. ^^IB^I^^*©ffiSJ;0*>ig 
ti/cfe. -a3i©®fi:ii:©;5'«:Wfi:»tfTH-4{cfct:fStt 
i'JMIii^S i r S i . ftiMft©fiT^tSt,» r L * ^1 . 
[0 07 7] ±iETCB*Wcinii, «MI^M= 1 8 

0 © T c B (Dp^iWcm-ki$i. t b tci^ic\fs.mmA = i 
8 2Rc;®ftitM= 1 8 4©TCB«ita'Jsn^cii. e 

©J4^, T C B ^ft i tirhffl $ n fcHSlfeM 
= 1 8 2SD-'»a!KM= 1 8 4©TCB©^»:f. ?jgS 

ffars Ji-+-»«©s?ig#r*^. T c B «e©?^ 
[ 0 0 7 8 ] -ecr. :S''-f:i-+i/>Sji!rEft©i5i4ft® 



ClD 



IS 



(a) JJ. TCB'/:t>CCtett'5lRl{4ft©^^?:S^ 

[0 0 7 9 ] C(D§^m(iCid\.^XItt. m^iit. wMi^o^ 

(b)). 20 

tiT I c K L E m^^^ 0 < < . ^mmnLmnms^ 

^6t. T lCKLE(D)(:i^tLX\^^^m&<DmiiLitt 

mm^^M:K<o3^tMn^os^^t^^i^xmEaMm^^ 

8(c) ^DlDt^) o >f:^>CDfi-^?^a7:)5t@S^e^ 

[0 0 8 1 ) *^-ocD|llf4<*<bPSIlJ-(7)MSa 40 
8 (d) ^c^dl^rMS^l 8 0(DTCBlRlf4f*ilRlDM 

m^^^t. ^(omim (ccr«TCB<Diiif4») <z)* 
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KLE-«J&5:tffi-rSCt*^rt2> (138 (d) ) . 

[0 0 8 2 ] mofm mi>it^M(omM^ 

h 2 mommt'^x ^r^:7^-!y^>hfburTCB 

[ 0 0 8 3 ] (»gcD?f5PJ4 ) mj»fc^l5]{4#^^^?S 

T'E>o bfcf}^^x. yy^^yhonm^c-oi^x^mB 
<DBm3x'^-<fccttmmrj:mm^^u&t^o tit* 

m(oyv^j^yhtmh^f)^^m^6Ct(fCj:^x. m 
mi^(DiM& -c c i /Co 

[0 08 4] L?!)^b. ;Ki|J^CDSf://;<cfJtC#S^^^V 

fc.. m^(Dyv'/j^yh(^c^^^^^-y'^y^y^x^ 
■oXi>. -r>(DWiiiLt$(o^xicmnmj:yy^^>ho 

mf)^'pt^<. mnmms&^^m^^fc^^^m^+^x 

[0 0 8 5] ^CX. mW.Wt'^h^^SL^ti^y y 

m^m^m. &hy'7^^yv(07s^ifV>\^ (ft-^m 

V ;u(Dffia*-en-en»ns^L/tffl*!gs^«fff4 cDftSJ 
mtbx^mth. 

[0 0 8 6 ] CCDcfc^.tC-r^i. hhyvCfj^y V(Dm 

\tmmfS.^^<x%i>. cn^cjr-^r. it«K*]S 

[ 0 0 8 7 ] ^ /c. $)aiR)f4<*(DKS:SS:tc;Fa^<^:7 7 
^^yVifi&fix\.>i>m^^(OJ;:'}^. y-(XiSm(0-k 

y^x^m^xthox. x^nm.o^^>f(Wwx^ 

[0 08 8] 



( 
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[ 0 0 8 9 } S/t, Hfl^W^§^?:ffll>teMS^ffX 

->^r*S!)-2.J:^iCtfc©r, laB#r^-C7 5i7V> ^•/^• 
^^->«r5^^si)■^>C<b*^r^•S. $e>fc. 

s c i *5-c t .5 ©r . m^tt»^^©ttfit^|goc ititf 

;S<'-f;i-+i^>!ffli*BB§©m»Stt#:©t«S«rJP#PBl 

[0 0 9 0 ] sfc. c<mmvi%i>{t^^w^^^iiik 

:t>©fBgti^^Jl'=f - i:©fflJ: 0 l.»:c.4'Wl/=f-?r 
btc. 

[009 1 ] C(Dtcisb. C©^t^tJ®©*^tH*)4fcfct^ 
TttftlfEi*?:^ § -Tic 3*- >ftf t S ©-r , ±mt^^ 
M©^tH;^ia©#T-S5ai^©fi^«:. '('^>'(t^$?:iS< 

iihMhmr^, ttc. c©Y5^>'^t«:*5^,i■r«, ^Sti 
[ 0 0 9 2 ] rLaim^^%h'xm!m.<!Mmim 

3) rti, i^-it^i^ymowMi^o^tyit 

e V *J!ll]^ Lfc{ife(T©i C©B>(.ffi<*{C-^^ 40 

SJr^tcofc. Sfc. c©liBJic^SYl:^«©m:* 
ffi(ffj|<Ji4) r«. -f^tWtiflKtei^r. i^fi^^s 
0 n inJW±2 0 0 n mWT©7l6iC J:-:.r i^-i ^h+i'^S 

fc. c©^B^ic^^-2.{b^M®MfcH*ffi (if^5) r 
[0 0 9 3 } Sfc, c©^W«:i^^^t:^«K©^tti:^S so 
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(fS3}eii6) rii. ^^i^^o h^txstcteOTT I c 

©/c*> ^^i^^1■'^r©^z'-^^+'»S^fl^^©:7 7^^ 
^> h4iffi^#T^s©ittWli4r*c i^s-c^i© 

[0 09 4] */c, c(Dmi'm?>it^m(omai^m 

(i«*«7)r»> -f^i-Wt^Si. yvi/^yyit^ 
isiKffS-r 5 -f + ;^>5i©fuigi*©sttfti^s* - 

®^tt1*©«iSm#*5€.5|J«63t^SStt*S©:7 ^ > 
h©?jSSi:tJgSi*^65it*5J:ei(cL/fc, CCDfc^. T 
-^r ©filgft*^ ^+^->«ifflM©iifl>Mtt(*© 

>m(m^sim:J:*)hm>n&-c^-c^z. ^© 

ife:^. ;^iP^^©j^jittftJ5rSf*<l;Dfc]«t>fflS-cfiJtSii 

[0 09 5 ] sfc, c©ft^!^w©^ai^i:». sa^ 
w^SJc cfcoT^^'-1'3^=^>' >®fuiE<*© 7 y ^ > h 

oteS, c©{b^iBJS©*ltB*ffi«cteurtt, SSt^B^is 

ri/-<':*- + ^'>5ll<!: tlgg©]ifl/ »Stt*©?^e**'* C 
^. 

[EffiCS^JftSiBJ] • 

[0 1 ] C ©l%BJ©^Jf£©J^Sg 1 iC^iit^^WO^^ 

m 2 ] C©^Bj®^JS©J^!Sg 1 K:^.5{k^i^W©«{H 

*i4*/T^-r 7 n - 5^ f - h r-fe ^ . 
[03] TCBco^\±mti^n<Dyyifj^yv^-<i'- 

[^4] SW;^Gs*iC#S*iaTCB©75i^y>F 

[ 5 ] T c B ©^^t4<**/T^-rsiBJS-e* 5. 

[06] l,2,4-TCB0^4fi<!:^'^:t+-»®©^4 

[H7 ] 1,2.3-Tc B©^^i ^-{t^iyymo^^ 
mtomi^^i^btciamm-cS)^, 

[@81 C<DHm<omn<om'3(,C^?>T I CKLEW. 
[^r^iftB^] 
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I -{tyiiM. 

3 M^^n^^y:^ 

4 3?fi«-tiTit 

5 :^^'Sm 

6 t-dJ 

.10 RF'(':t>h-7y7"^a 

II h ^ 7" 

12 m-i> i-:?" 

13 ^-x> K+i- 

14 R F 'J > 
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*20 fe^W^gS 

2 1 ■^mmmw^s 

3 0 -I'^i-v^m^ 

3 1 v'<j7>y' 
3 2 f^-if^aa^a 

3 3 mw^M. 

3 4 iHUSP 
3 5 Mffigp 

1 0 0 it^wcommfs. 

10 Gs §^tf7. 
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